Abstract
Necrotizing fasciitis can present with concomitant acute kidney injury. The etiology of acute kidney injury is often multifactorial; potential sources include volume depletion, abdominal compartment syndrome, rhabdomyolysis, and acute tubular necrosis (which may be related to hemodynamic instability, medications, or sepsis/infection). Kidney injury, defined via changes in serum creatinine, portends increased morbidity and mortality. Thus, it is crucial to accurately diagnose and assess the severity of kidney injury. We present the case of a patient with necrotizing fasciitis who endured 31 consecutive days of complete anuria. His serum creatinine decreased over this interval without the use of extracorporeal hemofiltration or dialysis. The explanation for this novel phenomenon lies in massive daily sero-sanguineous discharge and insensible losses with subsequent volume resuscitation. The patient's own convective clearance was substantial enough to maintain a modest creatinine clearance of 15 ml/min during sustained anuria. Our case emphasizes the importance of employing the creatinine, estimated glomerular filtration rate, and urine output volume replacement, he intermittently required vasopressor and ionotropic support. He was intubated and ventilated during debridement on hospital day 1 and remained ventilated throughout hospitalization (tracheostomy day 36).
On presentation, his creatinine was elevated to 1.4 mg/dl and returned to baseline with appropriate volume repletion ( fig. 2 ). Serum creatinine kinase was elevated to 664 U/l on admission and gradually returned to normal levels. Throughout the first 4-5 days, urine output remained robust (approx. 2 liters); however, post-debridement hypotension (MAP 53) on day 7 resulted in non-oliguric acute kidney injury (AKI) on hospital days 9-16 (peak creatinine 2.3) with his creatinine returning to 1.1 mg/dl on day 18 .
A second episode of AKI followed surgical debridement on day 24, associated with hemodynamic instability. Nephrology was consulted. Urinalysis revealed dense muddy brown casts consistent with acute tubular necrosis. Fractional excretion of sodium was 3.1%. Renal ultrasound revealed no hydronephrosis with 15-cm kidneys bilaterally. Bladder pressures were measured daily and remained normal (10-15 mm Hg). By day 40, he developed complete anuria ( ! 100 ml urine/24 h), which persisted for 31 days. His peak creatinine was 3.7 mg/dl on day 43 . Surprisingly, his serum creatinine improved despite anuria, typically ranging from 1.2 to 1.9 mg/dl. As volume loss from his wound discharge was thought to contribute to creatinine clearance, wound electrolytes concentrations were obtained and found similar to serum ( table 1 ). A day 60 serum cystatin C was 1.90 mg/l (normal range 0.5-1.0 mg/l) with same-day creatinine of 1.6 mg/ dl.
Despite anuria and AKI, the patient was consistently hypokalemic and hypophosphatemic, often requiring intravenous replacement of both. He received high-protein, high-calorie tube feeds; however, his serum albumin declined from 2.9 g/dl to a nadir of 1.9 g/dl. The hospital course was complicated by bacteremia, a b Fig. 1 . Skin and soft tissue were excised circumferentially down to exposed muscle ( a ) with 35% total body surface area of debridement. Massive wound output was collected using an Exu-Dry dressing ( b ) and Yankauer suction device. fungemia, ventilator-associated pneumonia, persistent respiratory failure, atrial fibrillation with rapid ventricular response, and two episodes of cardiac arrest with successful resuscitation. After 45 days of oligoanuria, hemodialysis was initiated on day 85 for volume removal as the patient had increasing oxygen requirements due to concomitant pulmonary edema and Pseudomonas/ Klebsiella pneumonia . On day 91, the patient died of cardiac arrest after a change in his code status to 'do not resuscitate'.
Discussion
NSTIs frequently present with concomitant AKI. Creatinine on presentation is 52.4% higher in patients with NSTI as compared to matched controls with other soft tissue infections [1] . Mortality with NSTI is variable (6-76%) [2, 3] with a recent large case series of 89 patients demonstrating a rate of 21.3% [2, 3] .
The etiology of AKI is often multifactorial in NSTIs with potential sources including hypoperfusion, abdominal compartment syndrome, rhabdomyolysis, and acute tubular necrosis related to hemodynamic instability, medications, or inflammatory milieu (sepsis/infection). Inpatient mortality for critically ill patients with AKI is high with estimates of 60.3% (95% CI 58.0-62.6) [4] . Regardless of its etiology, AKI is associated with increased mortality in the setting of NSTI. In a retrospective single-center cohort study of 166 patients with NSTI over a 5-year period, NSTI with AKI compared to NSTI without AKI conferred an odds ratio of 3.1 for death in multivariate analysis (95% CI 1.1-9.4, p = 0.03) [5] .
We present the case of a patient with NSTI whose own convective clearance through a large abdominal and lower body wound maintained a modicum of creatinine clearance during sustained anuria. In this unique circumstance, serum creatinine became a deceptive primary determinant of eGFR. Accurate assessment of kidney injury severity is crucial as it impacts prognosis, need for extracorporeal therapy, and medication dosing. The APACHE II score and other indices used in risk stratification of the critically ill employ changes in creatinine as a determinant [6] . Further, increased serum creatinine has been suggested as diagnostic criteria in differentiating NSTIs from non-invasive soft tissue infections such as cellulitis [1, 7] . Through the use of modern standardized AKI criteria which rely on both serum creatinine and urine output Acute Kidney Injury Network (AKIN) and Risk Injury Failure Loss End stage (RIFLE), our patient's diagnosis was never in question; however, refinement of prognosis may have assisted in earlier code status discussions.
As the patient's serum creatinine improved during complete anuria without extracorporeal hemodialysis or hemofiltration, another mechanism for creatinine clearance must have been present. Loss of muscle mass due to multiple tissue debridements and catabolism during prolonged critical illness inherently decreases serum creatinine. However, we postulate much of the daily creatinine clearance was due to convective clearance in sero-sanguineous discharge across his exposed muscle and fascia. The patient had marked volume losses and daily replacement. The recorded wound volume loss underestimated true volume loss secondary to significant evaporative losses and inconsistencies in recording practices. After initial resuscitation, the fluid replacement goal was to keep input and output (including unmeasured losses) approximately even. His inputs are likely a better measure of true volume loss than the recorded volume loss. On average, replacement input was 21.8 liters daily after onset of anuria. Body weight remained similar from onset of anuria until dialysis initiation, decreasing from 207 to 205 kg over 45 days.
Creatinine clearance is calculated using the formula:
Creatinine clearance (ml/min) = [urine creatinine/ serum creatinine] ! [volume (ml)/time (min)]
In an analogous exercise, the same was done for our patient's creatinine clearance due to wound discharge. As shown in table 1 , spot fluid and serum creatinine levels were 1.6 mg/dl. The patient's serum creatinine had only mild day-to-day variance late in his hospital course and spot fluid creatinine was obtained during this period; [8] .
Wound urea clearance is evaluated in a similar way to creatinine clearance. Serum and wound urea values approximated each other ( table 1 ), again suggesting clearance through wound drainage. However, the patient's serum urea gradually increased to over 100 mg/dl. From day 60 to 85, there was an average increase in serum urea of 3 mg/dl/day. Given the patient's weight of 207 kg, his total body water was approximately 100 liters; thus, his daily increase in total body urea was approximately 3 g. Assuming constant wound urea concentrations over a day, urea clearance ranged between 6 and 23 g daily, with an average of 14.4 g/day. The expected daily input of urea would be the clearance (14.4 g) added to the daily change in total body urea (3 g) or about 17.4 g. This value is similar to his delivered nutrition therapy (at least 100 g protein or 16 g nitrogen daily). Discrepancies lie in the patient's negative nitrogen balance due to catabolic state, daily variation in liters of wound drainage, and daily variation in delivered nutrition.
The application of evidence from burn literature to NSTIs appears relevant as similarities in treatment and complications exist. However, unlike our case, many studies assessing kidney function during recovery from severe burns predominantly note polyuric kidney injury [9] [10] [11] [12] . In these polyuric patients, it is not uncommon to see creatinine clearances above 120 ml/min [10, 13] . Calculations of creatinine clearance based on serum creatinine failed to accurately estimate 24-hour urine creatinine clearances in the setting of burns [13, 14] . The contribution of wound fluid creatinine clearance is infrequently discussed; however, Sosa et al. [15] suggest the burn wound acts as an extrarenal site for creatinine loss. Although lacking anuria, their case holds parallels to our own including correlation of serum and fluid electrolytes and an increase in estimated creatinine clearance with significant wound losses.
An evaluation of AKI in the setting of NSTI or burn should exclude the presence of rhabdomyolysis. The incidence of all-cause AKI associated with critical burns is high at 39.1% [16] . However, a 10-year retrospective review of 714 severely burned patients revealed a 1% incidence of rhabdomyolysis [17] . A smaller retrospective study found the incidence of late-onset rhabdomyolysis to be as high as 9% in severely burned patients [18] . Rhabdomyolysis has been described in the setting of skin necrosis associated with injection drug use [19] ; however, larger trials and case series are lacking. Assessment of renal function in the setting of rhabdomyolysis may be aided by the determination of cystatin C. Large variations in eGFR calculations between cystatin C and creatinine have been noted during recovery from rhabdomyolysis related AKI [20] . Our patient had an elevated creatinine kinase at the time of admission (664 U/l) which gradually improved over 3 weeks and thus was inconsistent with rhabdomyolysis-associated AKI. Of interest, on hospital day 60, our patient's cystatin C level was higher than his creatinine (1.9 mg/l vs. 1.6 mg/dl, respectively). While neither his cystatin C nor creatinine level are consistent with AKI requiring dialysis, the eGFR estimates based on each are different. The patient's creatinine-based eGFR (MDRD) is 55 ml/min and his cystatin C-based (Dade Behring) estimate is 34 ml/min [21] . A potential explanation may be his history of diabetes, which has been shown to be associated with higher levels of cystatin C compared to serum creatinine [22] . Additionally, the eGFR based on cystatin C is less impacted by the patient's decrease in muscle mass and correlates better with our calculated wound clearance above.
Medication dosing errors are common in the setting of critical illness [23, 24] . In our hospital, eGFR based on the MDRD equation is reported with any serum creatinine level. Despite the safeguards of computerized physician order entry, the patient's renal function was repeatedly overestimated, leading to the overdosing of several medications. A further caveat lies in whether to assess the patient's effective clearance as 0 ml/min for anuria or include the patient's limited creatinine clearance from his wound in dosing. Again drawing from burn literature, several studies suggest increased antibiotic clearance in the setting of massive burns [25] [26] [27] [28] . Data suggests antibiotic clearance is correlated with increased creatinine clearance seen in burns; however, the possibility remains that some of the antibiotic is cleared through sero-sanguineous drainage.
In summary, we present the case of a patient with NSTI who endured 31 consecutive days of complete an-uria. His creatinine decreased over this interval without the use of extracorporeal therapy. Instead, his abdominal and lower extremity wound acted as a non-specific filter and the patient's volume loss and replacement were analogous to continuous hemofiltration. During sustained anuria, he maintained a small measure of creatinine clearance through his massive wound output.
